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ABSTRACT
Indian Railway is world’s largest railway system. This railway system was started established in British period. Prevalent loading and gauge of that period was meter gauge & bridge type was masonry arches or steel girder with masonry piers, hence most of our railway system in start was either narrow gauge or meter gauge and had masonry bridges.

Subsequently in a planned way almost all narrow gauge and meter gauge lines have been converted to broad gauge; however in most of the gauge conversion bridges were not replaced, i.e. original masonry bridges were reused as it is or with minor modifications, such as top width extension or jacketing.

At present total number of such masonry bridges in Indian Railway is approximately 129000 (One lakh twenty nine thousand).  Out of this 129000 bridges almost around 50% are masonry arch bridges.

As these arch bridges were not having any detailed design calculation, i.e. there dimensions were based on thumb rule. In due course of time, loading, speed and frequency of trains has increased substantially on these routes.
Assessment of capacity and behavior of these bridges are a major challenge of engineers.

In this report an attempt has been made to find capacity & behaviour of masonry arches bridges.
A number of empirical methods are available for analysis the arches; however each of them has some demerits. This topic has been covered extensively in minor report of this project.

The limitations of existing methods are:

1- It does not incorporate, substructure of the bridge and it limits itself only up to barrel. It has been found that slenderness of piers effect the behavior of bridge.
2- No weightage is given for back fill consistency & parameters. This is extremely important as it has detrimental effect on load path.

3- In conventional methods, failure mode is predefined or not defined.

4- Analysis by conventional methods can not include aspects such as defects & modifications.

5- The analysis does not give us measurable behavior i.e. strain & deflection, of bridge.
6- The conventional analysis can not be used done with suggested repair/strengthening scheme.

In this report an effort has been made to over come aforesaid difficulty.

A Railway bridge on a busy route has been chosen for this work. The route is carrying load iron ore & coal wagons and hence bridge is carrying heavy load.
A 2-D plane strain numerical model was generated based on aforesaid parameter collected from detailed data collection. This numerical analysis was conducted of load spectrum so recorded during instrumentation.

A detailed data collection was carried out for the bridge. Aim of data collection was to assess parameters such as material properties & dimensional detail for analysis.

This bridge was further instrumented for maximum allowed axle load. Parameters, such as strain and deflection at crown & quarter point were recorded.

The out put of model has been compared with instrumentation output.

An effort has been made to calibrate the model by finding equating factor between observed (instrumentation) readings and predicted reading (model out put).

This equating factor compensates for any parameter which can not be mathematically modeled. This constrain can be either technical or commercial.
This calibrated model can be used to find the behavior of bridge for loads higher then present maximum allowed axle load.

In case at higher load the behavior is found to be appropriate load rating of the route can be increased, safely. This way Indian Railway can save huge amount of time and money by removing unnecessary speed restrictions.
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1. INTRODUCTION

Accurate prediction of behavior and capacity, for a given masonry bridge under increased loading or proposed increased loading, will be a huge saving of time and money to commercial organization like Indian Railway & other surface transport organizations. This will in turn add to economic development to our country.

There are many conventional methods available for analysis of these structures; most/all of them is based on thumb rules and empirical formulas & factors. The methods also involve number of assumptions, which may or may not be applicable in actual structure. The methods also do not incorporate substructure part of the bridge, which in practical case is very important aspect of structure.
Al these methods have been discussed in detail (Ref: Report of minor section of this project). With the help of calculations done for a representative bridge, limitation of conventional approach/methods have been shown in this work.

It was discussed in this report that instrumentation of actual structure is one of the most reliable methods of assessing the behavior of a bridge; however any bridge can be instrumented only up to service load. Due to non isotropic and non homogeneous behavior of bridge the readings & service load can not be extrapolated for ultimate load, or for any proposed increase in load.
The arches are compression members and amount of deflection and strain observed are very less i.e. strain in few micro strain & deflection in 100th of millimeter.

This requires extremely sensitive sensors and data loggers. This requires large amount of monetary investments.
Instrumentation of bridge needs maneuvering of test load above the bridge which means that normal traffic movement will be hampered during testing period. This can not be allowed for a busy rail route.

Due to foresaid difficulties instrumentation of each and every bridge is not possible.

Numerical modeling of the bridge can be a preferred solution which will involve no traffic disturbance and can give result in less time and money. Numerical model gives us flexibility to model different component of structure as per requirement; however it has been found that results of numerical model do not match with onsite instrumentation. This dilutes the confidence about validity of numerical model i.e. its ability to predict behavior of bridge.

In order to generate technically and economically viable numerical model, we need to understand the cause of difference between instrumented readings & readings obtained from numerical model.
Inabilities in assessment of parameters such as material strength (masonry with joint), hidden dimentions, back fill nature and condition, and structural rigidity/stiffness of foundation, are major cause of deviation between observed & predicted readings. Limitation in accurately modeling structural elements, such as mortar joints, loss of mortar in joints, cracking, fracture & relative displacement of brick/stone units, are another major cause of aforesaid deviations.

Detailed data collection for assessing very accurate input parameters requires huge amount of monetary & time investment. This is not possible for every project. Even if we are able to assess the parameters accurate modeling will be limiting parameters.

The analysis is based on onsite parameters, which may differ from values given in standard codes. For many parameters there is no value or description in codes. Hence appropriate reference is not possible for authenticity.
The objectives of this report are:

1. Generation of input parameters for numerical analysis using detailed onsite data collection, lab test and desk study of codes and references.

2. Instrumentation of bridge using maximum allowed service load, electronic sensors and data loggers, to measure strain and deflection at quarter and crown positions.

3. Numerical modeling of bridge using FEM through ANSYS software.

4. Correlation of FEM output and instrumentation out put.

2. GENERAL INFORMATION ABOUT BRIDGE

Geographical Location- 

Between major railway stations Asansol (ASN) & Hawarah (HWH).

Type of bridge- 

Masonry arch, with section each section was a new addition/extension of the original bridge separated by construction joint.

Number of track over bridge- 

Four tracks (Up1, Up2, Down1 & Down2)

Span- 

Two span of 3.6 m each

Special feature- 
The track line is a part of HWH to Delhi main line. Extremely busy line with diverse kind of loading, i.e. Up1 and Down1 carries high speed passenger train such as Rajdhani Trains (around 120KMPH), Up2 carries empty wagons/goods train, Down2 carries loaded iron ore wagons. Loaded iron ore wagons are most critical/heavy form of loading in Indian Railway.  

3. DATA COLLECTION OF SELECTED MASONRY ARCH BRIDGE
To arrive at the input parameters for the analysis, the detailed site inspection and data collection was carried out at site. The relevant portion of complete data collected has been compiled in this report.

3-A. VISUAL INSPECTION- 

General Observation about Nature & Type Of Bridge, & Record Of Special Features. 

This includes, still photography, sketches etc. Still photography was carried out to capture the existing defects, cracks and other special features. Details of previous repair work, locations with their respective repair dates were also recorded. Measurements were taken to plot drawings of both exposed and hidden dimensions of the bridge structure. Coring was carried out in Abutment and barrel surface to find the hidden dimensions.
Still photographs and sketches of the bridge structure were taken to incorporate the details:-

1. The dimensional details were measured for each span and pier.
2. Key dimensions on downstream elevation and upstream elevation of each span were sketched.

3. The defects such as cracks, grouted lines, wedged area, local grouted/plastered area, etc. were incorporated in their respective locations sketch, and Photographs of all the defects, boreholes, foundation trench, etc. were taken.
4. All the activities being performed on site were also captured in still photography.
5. This bridge consists of four sections separated along the width.
6. Any two adjacent sections were separated by a construction joint. It is understood that each section was constructed in different time period. Hence, probably the source of brick and the type and mix of mortar used may not be the same for different sections.

7. For the sake of simplicity and better presentation, the different sections are hereby numbered as Sec- A, Sec-B, Sec-C & Sec-D starting from the downstream end and moving towards the upstream end.

8. Sec-A was made of brick masonry with cement mortar, Sec-B was made of stone masonry with probably cement mortar, Sec-C being the widest and probably the oldest was having stone abutments and piers with barrel of brick masonry construction while Sec-D was a R.C.C. Box type construction,
9. The arch barrel constituted of five rings, i.e. it was a five layered arch barrel,
10. Mortar joints were more or less of uniform thickness ranging between 10mm to 20mm,
11. Wedging action was noticed at a number of locations in Sec-B, particularly under the span-1 near HWH end,
12. At many locations in the Sec-B, in span-1 near HWH end, steel angles shaped similar to the arch profile were being used to restrict the stone blocks from falling,
13. Loose bricks were noticed during the inspection 

14. Heavy vehicles plying on the road had eaten into the arch barrel surface at the quarter lines of both the spans. It was observed that at various locations only three of the five rings were left, 

15. Leaching was observed in a number of construction joints between two adjacent sections,
16. Grouted lines/areas was observed along quarter lines in many of the spans,
17. The bridge had been repaired earlier in a number of occasions. Each time the bridge was repaired, a plastered surface was made with the date of repair engraved in it on the place where the respective repair work was carried out. This was noted and incorporated in the sketches.
In the sketches below G represents grouted area and C represents crack line. The figure represents approximate location of defects and same has been covered precisely in total station survey.

Photographs further reveal the actual nature of these defects.

Plan Of Spans
[image: image2.emf]
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Plan of Abutments & Pier
[image: image4.emf][image: image5.emf]
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Elevation of Spans
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Fig-1-Damaged Barrel surface due to hitting
[image: image11.emf]
Fig-2-Loose barrel stone units supported by angle and then grouted as temporary restoration measure.

3-B. TOTAL STATION

For Recoding 3d Profile Of Bridge As Existing On Site, Including Crack & Defects. 

A detailed geometric survey of the bridge was done using Total Station. Main aim of Total

Station survey is to generate a digital profile of the bridge that includes existing geometry, cracks, defects and all or any other special features.
The following were recorded in the geometric survey:-

1. Structural detail of the bridge as existing on site for simulating a numerical model in CAD for analysis purpose,

2. Defects such as cracks, grouted lines, wedges, locally plastered areas, etc. as noticed on site for simulating the same on the CAD model of the bridge profile generated.
3. The construction joints were also recorded,

4. Drainage spouts and/or weep holes were recorded to show their respective locations on the bridge superstructure,
5. All boreholes for performing Standard Penetration Test, collecting Undisturbed samples of soil and boreholes for collecting rock samples was recorded,
6. The excavated open foundation trench revealed that the pier extended deep below the ground level and was found resting on solid concrete which in turn was resting on hard sandy clay soil,

7. The road profile upto a distance of approx. 25 meters was recorded on each transverse side of the bridge,

8. On top of the bridge, points were recorded along length of each track to plot the track on the generated CAD drawing of the bridge.
9. The bridge consists of 4 different constructions of different periods and it was found that one rail of DN-2 track was on brick masonry arch construction while the other rail was on stone masonry arch construction.
Table-1 Extract of Total Station Recorded Points (Only Extrados)
	          POINT NO
	NORTHING
	EASTING
	LEVEL
	CODE

	                LINE1
	
	
	
	

	195
	900.741
	515.18
	327.979
	EXTRADOS

	196
	900.732
	514.754
	328.395
	EXTRADOS

	197
	900.718
	514.002
	328.865
	EXTRADOS

	198
	900.715
	513.634
	328.986
	EXTRADOS

	199
	900.703
	513.187
	329.021
	EXTRADOS

	200
	900.683
	512.5
	328.876
	EXTRADOS

	201
	900.668
	511.771
	328.438
	EXTRADOS

	202
	900.656
	511.353
	328.055
	EXTRADOS

	203
	900.645
	510.977
	327.562
	EXTRADOS

	204
	900.647
	510.865
	327.319
	EXTRADOS

	136
	900.637
	510.494
	327.837
	EXTRADOS

	137
	900.647
	510.813
	327.303
	EXTRADOS

	133
	900.602
	509.068
	328.914
	EXTRADOS

	134
	900.618
	509.683
	328.603
	EXTRADOS

	135
	900.623
	509.973
	328.385
	EXTRADOS

	132
	900.589
	508.412
	329.023
	EXTRADOS

	131
	900.572
	507.733
	328.906
	EXTRADOS

	128
	900.536
	506.437
	327.956
	EXTRADOS

	129
	900.55
	506.947
	328.463
	EXTRADOS

	130
	900.565
	507.502
	328.808
	EXTRADOS

	LINE-2
	
	
	
	

	273
	927.342
	514.564
	328.198
	BOX

	271
	927.358
	514.527
	325.255
	BOX

	274
	927.324
	514.276
	328.497
	BOX

	679
	927.308
	514.05
	328.498
	BOX

	275
	927.297
	513.794
	328.504
	BOX

	678
	927.29
	513.736
	328.512
	BOX

	276
	927.281
	513.153
	328.528
	BOX

	677
	927.259
	512.997
	328.545
	BOX

	277
	927.239
	512.461
	328.552
	BOX

	675
	927.242
	512.022
	328.528
	BOX

	278
	927.245
	511.904
	328.525
	BOX

	674
	927.258
	511.6
	328.51
	BOX

	279
	927.246
	511.3
	328.499
	BOX

	673
	927.251
	511.063
	328.479
	BOX

	671
	927.22
	510.806
	325.987
	BOX

	672
	927.264
	510.769
	328.168
	BOX

	270
	927.216
	509.575
	325.303
	BOX

	258
	927.26
	509.57
	328.156
	BOX

	259
	927.241
	509.343
	328.481
	BOX

	260
	927.241
	508.991
	328.481
	BOX

	261
	927.237
	508.556
	328.481
	BOX

	262
	927.23
	508.022
	328.493
	BOX

	263
	927.21
	507.477
	328.49
	BOX

	264
	927.203
	506.952
	328.495
	BOX

	265
	927.194
	506.466
	328.487
	BOX

	266
	927.186
	506.112
	328.487
	BOX

	267
	927.192
	505.878
	328.19
	BOX

	268
	927.175
	505.885
	326.48
	BOX

	269
	927.149
	505.885
	325.265
	BOX


[image: image12.emf]
Fig-3- Typical Total Station Profile
3-C. GEOTECHNICAL INVESTIGATION & TRENCHING

To Find Soil Properties & Foundation Assessment

In order to assess the nature of foundation of the bridge structure and its safety and also to check the safe bearing capacity of the soil, detailed soil and rock investigations were done at different locations, the details of which are as given below:-

1- A total of 4 boreholes were done at 4 different locations, each was decided in consultation with the geotechnical expert of Jadavpur University on site for performing the Standard Penetration Test and collecting the Undisturbed Samples The SPT & UDS were done at regular intervals of 1space meter till the first 4 meters depth and at every 1.5 meters beyond the 4 meter depth level. All boreholes were made till the respective rock level was achieved,
2- Rock drilling was done at one location to obtained the rock sample and the same was done for approximately 2.5 meters depth,

3- The foundation mapping was done by exposing the foundation at end of cutwater after consulting the geotechnical expert. This was done to get the feel of the type of the bridge foundation and also the type of the strata on which the foundation was resting.
4- It was observed that the pier which extended well deep in the ground was resting on a solid slab of concrete. The solid slab of concrete extended beyond the face of the pier, maintaining a continuous profile similar to the profile of face of the pier.
5- On going further down, it was found that the solid slab of concrete was resting on sandy clayey soil of high SPT value.
6- The water table level observed in the different boreholes was also noted which was below foundation level.

[image: image13.emf]
Fig-4 Detail Of Excavated Foundation

[image: image14.emf]
Fig-5 View of Exposed Foundation

3-D. HIDDEN DIMENSION ASSESSMENT BY CORING

Coring was carried out in abutment and barrel surface of Span-1 to get the hidden details of abutment and barrel and benching profile
[image: image15.emf]
Fig-6 Coring In Abut to Assess Hidden Dimention
3-E. MATERIAL TESTING

To Assess Ultimate Strength Of Masonry (Including Brick & Mortar Joint) Two brick samples were taken from site and tested for their engineering properties at laboratory of Jadavpur University. The samples were chosen from different locations along the entire length of the bridge to represent the complete structure. Core samples of the stone arch construction was also taken and tested 
Two brick samples, one each from both the abutments were taken. These samples were tested in the laboratory of Jadavpur University for estimation of their engineering properties, particularly dimensions, density, moisture content, crushing strength, etc. These properties provide necessary information to simulate the arches while analysing the structure. Since the Stone units were very large and it was not possible to take out a complete stone unit, therefore coring was done in the abutment and core sample of dimensions 55mm diameter and approx. 500mm in length was obtained. This was then tested for its engineering properties. 
Table-2 Test Result For Brick Sample

[image: image16.emf]
Table-3 Test Result For Stone Sample
	Sample No.
	Height (mm)
	Failure Load (Tons)
	FCore(N/mm2)
	FMaterial(N/mm2)

	1
	51
	4.5
	18.27
	17.58

	2
	56
	5.7
	23.14
	23.14

	3
	57
	3.5
	14.21
	14.21

	4
	120
	4.0
	16.24
	20.64


4 INSTRUMENTATION
4-A. SELECTION OF SPAN

During detailed data collection following details were recorded

1- Still photographs, 

2- Dimensional details, 

3- Defect recording and 

4- Noting of special features 

For Br. 515 initially both the spans were selected however on consultation with concerned Railway Engineer and his concern over quantum of road traffic passing under the bridge, it was decided to instrument only span no. 1 from HWH under DN-2.

In light of findings from data collection it was clear that both the rails of DN-2 track lying over stone masonry portion and extended brick masonry portion of the arch respectively (DN-2 is crossing the construction joint) were to be monitored. Hence, instrumentation of barrel section under each rail was considered for this bridge.

4-B. INSTRUMENTATION SCHEME

Location for sensors under selected span

In Br. 515, locations of both rails of DN-2 track were transferred on respective stone and brick masonry barrel intrados of span 1. Three units (each unit consisted of one LP, one VW and one accelerometer) were installed at both the quarter points and the mid span locations under both the rails, on the brick and stone sections respectively (Ref figure- 7,8,9,10 and 11)
In addition to aforesaid one VW was erected across a major crack, and two LP’s were erected on the spring level of the pier, one each for brick and stone section respectively. 
Electrical Resistance Strain Gauges were placed on neutral axis of the rail of DN-2 track nearer to the parapet wall (Rail on down stream side) at three different locations. The ERS were named as CH-19, 20 & 21 starting from Kalipahari and moving towards Howrah. The intermediate distances between the ERS were measured as 7.77m between CH-19 & Ch-20, 2.97m between CH-20 & CH-21.
[image: image17.emf]
Fig-7- Location of Instruments under on Bridge for Instrumentation 
4-C. SENSORS

Sensor type, principal, range & accuracy

Table-4 Detail of Sensors
	Bridge No
	Description
	Instrument Type
	No.
	Accuracy
	Range

	515
	Vertical Displacement at L/2 & L/4 Position, Under Each Rail of DN-2 (CH10 to 15)
	LP

(Pole Mounted)
	6
	0.01mm
	±12.5mm

	515
	Horizontal Displacement at Spring Level of Pier (CH16 to 18
	LP

(Pole Mounted)
	2
	0.01mm
	±12.5mm

	515
	Intrados circumferential strain (macro) measurement (VW1 to 6 &8) 
	0.5m VW 

(glued to masonry) 
	7
	1.0μ
	±450 μЄ

	515
	Accelerometers to measure vertical acceleration Ch 01 to 06
	Quartz Piezoelectric (glued to masonry)
	6
	.005g
	±5 g

	515
	Axle load track gauges CH19 to 21
	ERS

(spot welded to rail)
	3
	0.1 tonne
	0-30

Tonne


Please Note: 
1- LP is an abbreviation for Linear Potentiometers (CH10 to CH15)
2- VW is an abbreviation for Vibrating Wire strain gauge. 500m extension piece were provided to achieve the required gauge length. 

3- ERS is an abbreviation for Electrical Resistance Strain gauge. 

[image: image18.emf]
Fig-8-Loaction of Instruments under Span (Gauge Location & Numbering)
[image: image19.emf]
Fig-9-Arrangement of sensors on intrados

[image: image20.emf]
Fig-10- LP Pole Mounted VW Glued to Masonry

[image: image21.emf]
Fig-11-ERS Gauge spot welded on rail 

4-D. LOADING SCHEME
Test load configuration & loading sequence

Two types of load arrangements were used for instrumentation of the bridge. The first comprised of load testing with controlled test train which consisted of one WAG-9 loco and ten BOY wagons loaded close to CC+8+2 axle loads. The second load arrangement was the commercial trains running under normal traffic speeds with varying load patterns.

The main aim of part one was calibration of the instruments (particularly ERS) and recording of parameters under static loading. 
[image: image22.emf]
Fig-12-Report of Weigh Bridge for Test Train

For Br. 515, the type of engine used in test train was WAG -9. Following sketches represent the loading location and the table represents the loading sequence. 

In sketch below W series denotes last axle of wagon and S series denotes front axle of wagon 
[image: image23.emf]
Fig-13-Loading Sequence Refer Table 5 for more detail
Table-5 Sequence of loading

	S.No. 
	Type 
	Test No. 
	Time of test (AM) 
	Details

	1 
	Static 
	S-0 
	14:12-14:13 
	Front axle of Engine on CH-19 

	
	
	S-1 
	14:14-14:15 
	Front axle of Engine on L/4 of span-1

	
	
	S-2 
	14:16-14:17 
	Front axle of Engine on L/2 of span-1 

	
	
	S-3 
	14:18-14:19 
	Front axle of Engine on 3L/4 of span-1 

	
	
	S-4 
	14:23-14:24 
	Front axle of Engine on CH-21 

	
	
	S-5 
	14:25-14:26 
	Train off the bridge 

	
	
	
	
	

	2 
	Static 
	W-0 
	13:47-13:48
	Train off the bridge

	
	
	W-1 
	13:55-13:56
	Last axle of Wagon on CH-21 

	
	
	W-2 
	13:57-13:58
	Last axle of wagon on 3L/4 of span-1 

	
	
	W-3 
	14:01-14:02
	Last axle of wagon on L/2 of span-1 

	
	
	W-4 
	14:03-14:04
	Last axle of wagon on L/4 of span-1 

	
	
	W-5 
	14:06-14:07
	Last axle of wagon on CH-19 

	
	
	W-6 
	14:09-14:10
	Train off the bridge 

	
	
	
	
	

	3 
	Acceleration 
	A-1 
	14:33-14:34
	Start from CH-19 & run over entire bridge 

	
	
	A-2 
	14:49-14:50
	Start from CH-20 & run over entire bridge 

	
	
	A-3 
	15:01-15:02
	Start from CH-21 & run over entire bridge 

	
	
	
	
	

	4 
	Constant Velocity 
	V-10 
	15:12-15:14
	@10KMPH- Complete train runs over bridge 

	
	
	V-40 
	15:24-15:24
	@40KMPH- Complete train runs over bridge 

	
	
	V-60 
	15:31-15:31
	@60KMPH- Complete train runs over bridge 

	
	
	V-75 
	15:39-15:39
	@75KMPH- Complete train runs over bridge 

	
	
	
	
	

	5 
	De-Acceleration 
	D-1 
	15:49-15:49
	Emergency Breaks applied at CH-19 from 65Kmph 

	
	
	D-2 
	15:59-15:59
	Emergency Breaks applied at CH-20 from 65Kmph 

	
	
	D-3 
	16:09-16:09
	Emergency Breaks applied at CH-21 from 65Kmph 

	
	
	D-4 
	16:16-16:16
	Emergency Breaks applied at CH-19 from 40Kmph 

	
	
	D-5 
	16:27-16:28
	Emergency Breaks applied at CH-20 from 40Kmph 

	
	
	D-6 
	16:39-16:40
	Emergency Breaks applied at CH-21 from 40Kmph 


[image: image24.emf]
Fig-14-Axle Arrangement of Test Train

4-E. INSTRUMENTATION READINGS
Reading from all sensors was recorded for at both dynamic and static loading (Ref table-5). Out of all readings recoded case S1, S2 and S3 is of prime importance to us , these cases has been selected for numerical modeling of bridge. (Ref figure 15, 16, and 17).
For better representation, filtering process has been applied to the recorded instrumentation reading. In order to bring the initial readings of sensors to common reference, reading of sensors has been adjusted to zero mean.
[image: image25.emf]
Fig-15- Position S1
[image: image26.emf]
Fig-16- Position S2

[image: image27.emf]
Fig-17- Position S2

[image: image28.emf]
Fig-18-
Brick Barrel Vertical Displacement

[image: image29.emf]
Fig-19- Brick Barrel Intrados Strain

[image: image30.emf]
Fig-20- Stone Barrel Intrados Strain
[image: image31.emf]
Fig-21-Stone Barrel Vertical Displacement
[image: image32.emf]
Fig-22-Typical ERS response to test load axle

[image: image33.emf]
Fig-23-Monitored test train axle position and axle loads
[image: image34.emf]
Fig-24-Vertical displacement at crown of brick section when test train was travelling at 10KMPH
5 ANALYSIS

A numerical model using ANSYS has been developed. The model is 2-D plain strain. For better out put Plane 42 element has been used. Analysis is to be don to find the effect due to live load only. This decision is in line with logic that only thing that has changed from meter gauge loading to Broad gauge loading is axle load and frequency.
Arches being mass bound structure, dynamic loading is not a critical loading for them, hence only static cases are being considered in analysis. The same is also confirmed from reading of accelerometer readings during dynamic loading.

Keeping international practice in consideration foundation has been modeled as rigid foundation. The same holds good considering the age of structure.
In order to represent load flow through rail and sleeper, point load has been applied through slab of 150mm thick steel plate on top of fill.

In order to reduce computation time and have conclusive finding, modeling has been done for three representative load cases i.e. S1, S2 and S3. S1 and S3 represent load at quarter point and S2 load at Crown Point of instrumented span (Ref. Fig- 15, 16 & 17).
Input parameter & dimensional detail used in analysis as per Table-6 and Fig-25, respectively. Load values and spacing are as per table 7 and figure 14 respectively.

5-A. INPUT PARAMETERS

All input parameters have either been assessed from site investigation, lab test or by proven codes.
List of parameters are as below:

Table-6 Input parameters for Br. 515
	S.No.
	Parameter
	Value
	Unit
	Source
	Remark

	 
	 
	 
	 
	 
	 

	Br. No.
	515 ER-ASN
	 
	 
	 
	 

	 
	Analysis type
	2D plane strain,
	 
	 
	 

	 
	 
	effect of additional strength due to spandrel is not included
	 
	 
	 

	 
	 
	 
	 
	 
	 

	 
	Section of bridge modelled
	downstream section, with an
	 
	As per input form Rly ER
	 

	 
	 
	 which carries track down 2,
	 
	 
	 

	 
	 
	 
	 
	 
	 

	Sub structure & super structure
	 
	 
	 
	 
	 

	1
	Masonry type -
	Brick masonry with lime mortar
	 
	 
	 

	2
	Composition of mortar-
	1:3 lime mortar
	 
	 
	 

	3
	Masonry ultimate characteristic
	 
	 
	 
	 

	4
	strength
	2.4
	N/mm2
	RT/CE/C/025, sec 6, p6
	Upper limit for ultimate load analysis

	5
	Modulus of Elasticity
	5000
	N/mm2
	?
	 

	6
	Masonry unit ultimate strength
	12.3
	N/mm2
	Sample testing-Jadhavpur unirvisity
	 

	7
	Masnory Density
	1875
	kg/m3
	IS-875(Part I)-1987 P-10
	 

	8
	Fill/Ballast material density
	1800
	kg/m3
	IS-875(Part I)-1987 P-4
	 

	9
	Permissible masonry compressive stress
	0.54
	N/mm2
	Arch bridge code-2004 P-VI-5 Cl-12
	For checking for W.S

	10
	Tensile stree
	0
	N/mm2
	 
	 

	11
	Shear stresses
	0.1075
	N/mm2
	Arch bridge code-2004 P-VI-5 Cl-12
	 

	12
	How mortar has been 
	 
	 
	 
	 

	13
	Poission's ratio
	0.15
	N/mm2
	IIT Delhi research paper
	 

	 
	 
	 
	 
	 
	 

	14
	Square Spans 
	3.64
	m
	Total station & core sampling
	 

	15
	Skew angle
	 0°
	 
	Total station & core sampling
	 

	16
	Barrel thickness
	0.625
	m
	Total station & core sampling
	 

	17
	Depth of fill at crowns 
	1.48
	m
	Total station & core sampling
	 

	 
	 
	 
	 
	 
	 

	18
	Section of bridge modelled
	downstream section, 
	 
	As per input form Rly ER
	 

	 
	 
	 which carries track down 2,
	 
	 
	 

	 
	 
	 
	 
	 
	 

	19
	Foundation type
	conventional strip foundations
	 
	 
	 

	20
	Depth of foundation
	1.55
	m
	Resting on PCC at least 750mm thick
	 

	21
	Foundation width
	1.8
	m
	 
	 

	 
	 
	 
	 
	 
	 

	22
	SBC un factored
	39.44
	T/m2
	Geotechnical investigation under supervision 
	 

	 
	 
	 
	 
	of Jadhavpur University
	 

	23
	Bearing pressure
	15.357
	kg/m2
	From section detail & 25 axle loads
	 

	24
	Settlement
	Nil between Ph-1 & II
	 
	Total station readings
	 


[image: image35.emf]
Fig-25-Dimentional detail of brick section of bridge used in ANSYS model.

Table-7 Axle load of test train used in analysis

	
	Locomotive
	Wagon

1
	Wagon

2
	Wagon

3
	Wagon

4
	Wagon

5
	Wagon

6
	Wagon

7
	Wagon

8
	Wagon

9
	Wagon

10

	Axle load (Tonnes)
	20.5
	21.425
	21.4
	21.2
	21.625
	21.5
	21.62
	21.725
	21.95
	21.75
	21.75


5-B. ANASYS ANALYSIS
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Fig-26-Von Mises Elastic Strain For Load Case S1.
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Fig-27-Von Mises Elastic Strain For Load Case S1-Close View.
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Fig-28-Deformed & Unreformed Shape For Load Case S1

[image: image39.png]DISPLACENENT

sTER
suB

DI =.375E-03

ANSYS

aG 2 2009
05:28:57





Fig-29-Deformed & Unreformed Shape For Load Case S1- Close View
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Fig-30-Von Mises Stress For Load Case S1
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Fig-31-Von Mises Stress For Load Case S1-Close View
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Fig-32-Deformed and unreformed shape For Load Case S2
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Fig-33-Deformed and unreformed shape For Load Case S2-Close View

[image: image44.png]' ANSYS

J— e 2 2009
i 06:08:35
oL

ssqv  (moave)

DI =.4128-03

s = 85865

s =508L10

L

689869 201803 403605 605407 507209
100902 302704 504506 706308 508110

areh





Fig-34-Von Mises Stress For Load Case S2
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Fig-35-Von Mises Stress For Load Case S2-Close View
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Fig-36-Von Mises Elastic Strain For Load Case S2
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Fig-37-Von Mises Elastic Strain For Load Case S2-Close View
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Fig-38-Deformed and Unreformed Shape Load Case S3
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Fig-39-Deformed and Unreformed Shape For Load Case S3-Close View
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Fig-40-Von Mises Elastic Strain Load For Case S3
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Fig-41-Von Mises Elastic Strain For Load Case S3-Close View
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Fig-42-Von Mises Stress For Load Case S3
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Fig-43-Von Mises Stress For Load Case S3-Close View

6 CONCLUSION
Unidirectional accelerometer readings under dynamic/moving load shows that maximum accelerometer reading is 0.1 to 0.08 g. This means that dynamic load due to moving train is not causing enough impact to bridge.
Vertical displacement at crown and quarter shows lesser reading for dynamic load compared to moving load of same magnitude. This clearly indicates that arch bridges are mass bound structure and static load is more critical for them.

Recorded strain readings and displacement readings show that bridge rebounds back after removal of load. The bridge is not rebounding back instantaneously i.e. this initial datum is achieve after some time from removal of load. This time lag may be attributed to nonlinear-elastic behavior of constituent material of bridge; however rebounding phenomenon clearly reveals that bridge is fit for carrying present maximum permitted axle load i.e. 23t. 

FEM model of bridge do not show any measurable value of strain and stress for given test load (i.e. maximum allowed service load). This is mainly due to fact that axle loads are very less compared to mass of structure.
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